H ypertension is a common comorbidity associated with diabetes mellitus. An estimated 54.5% of the Taiwanese patients with diabetes mellitus may have hypertension. 1 Hypertension is the most important risk factor of ischemic heart disease 2 and is highly predictive for stroke, 3 peripheral artery disease 4 and non-cancer-related deaths 5 in the Taiwanese patients with diabetes mellitus. The high correlation between diabetes mellitus and hypertension may be because of the common pathophysiology of insulin resistance. 6 However, the use of antidiabetic drugs such as insulin 7 and sulfonylurea 8 may also be responsible for the significant increase of hypertension within a few years after diabetes mellitus diagnosis. Both of these 2 classes of drugs significantly increase insulin levels among users. On the other hand, metformin exerts an insulin sensitizing effect; 9 and therefore, may potentially reduce hyperinsulinemia and the risk of hypertension in patients who use the drug.
To the best of our knowledge, no previous epidemiological studies have ever investigated whether long-term use of metformin might reduce the risk of hypertension in patients with type 2 diabetes mellitus. The present population-based study investigated such a possible association in Taiwanese patients.
Materials and Methods
The Taiwan's National Health Insurance (NHI) is a unique and universal healthcare system that covers >99% of the population. It has been implemented since March 1995, and all inhospitals and nearly 93% of all medical settings have contracts with the Bureau of the NHI. The NHI keeps records of all disease diagnoses, medication prescriptions, and clinical procedures used for reimbursement. Investigators may use the database for academic research if approved after ethics review. The present study was granted an approval number of 99274 for analyses. Because of the local law restriction on the release of individualized data to the public for the protection of privacy, the data and study materials will not be made available to other researchers.
During the study period, the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) was used for disease diagnoses and diabetes mellitus was coded 250.XX. Hypertension was defined either by a diagnosis of hypertension (ICD-9-CM: 401-405) alone or by using a more stringent criterion of combining a diagnosis of hypertension plus the use of angiotensin converting enzyme inhibitors/ angiotensin receptor blockers and/or calcium channel blockers.
The database was described in detail in a previously published paper. 10 The present study enrolled a matched cohort following the procedures shown in Figure. At first, 423 949 patients were identified with new-onset diabetes mellitus during 1999-2005 in the outpatient clinics and had received ≥2 prescriptions of antidiabetic drugs. The following patients were then excluded: (1) Ever users of metformin who had received other antidiabetic drugs before metformin was initiated (n=183 837); (2) type 1 diabetes mellitus (n=2062), (3) missing data (n=420), (4) diagnosis of any cancer before entry or within 6 months of diabetes mellitus diagnosis (n=26 032, these patients were excluded because they might have distorted follow-up time because of shortened lifespan), (5) diagnosis of hypertension before entry or within 6 months of diabetes mellitus diagnosis (n=149 996), (6) use of angiotensin converting enzyme inhibitors/angiotensin receptor blockers before entry (n=6189), (7) use of calcium channel blockers before entry (n=4138); (8) aged <25 years at entry (n=4565), (9) aged >75 years at entry (n=1557), and (10) follow-up <180 days (n=3908). As a result, 36 432 ever users and 4813 never users of metformin were enrolled as the unmatched original cohort. Propensity score was created from all characteristics (collected until the end of follow-up) listed in Table 1 plus the date of entry by logistic regression. A matched-pair cohort (the matched cohort) was then created by matching the propensity score based on the Greedy 8?1-digit match algorithm, as detailed elsewhere. 11, 12 Potential confounders included the following categories of variables: (1) demographic data: age, sex, occupation, and living region; (2) major comorbidities: dyslipidemia and obesity; (3) diabetes mellitus-related complications: nephropathy, eye diseases, stroke, ischemic heart disease, and peripheral artery disease; (4) antidiabetic drugs: insulin, sulfonylureas, meglitinide, acarbose, rosiglitazone, and pioglitazone; (5) commonly encountered comorbidities: chronic obstructive pulmonary disease (a surrogate for smoking), tobacco abuse, alcoholrelated diagnoses, and heart failure; and (6) commonly used medications in patients with diabetes mellitus: statins, fibrates, and aspirin. The classifications of living region and occupation were detailed elsewhere. 13 In brief, the living region was classified as Taipei, Northern, Central, Southern, and Kao-Ping/Eastern. Occupation was classified as class I (civil servants, teachers, employees of governmental or private businesses, professionals, and technicians), class II (people without a specific employer, self-employed people, or seamen), class III (farmers or fishermen), and class IV (low-income families supported by social welfare or veterans). The ICD-9-CM codes for the above diagnoses were: dyslipidemia (272. What Are the Clinical Implications?
• Amongst patients with type 2 diabetes mellitus, a routine and an early use of metformin may reduce the incidence of hypertension; and thereby, potentially reduce the cardiovascular risk.
• Findings of this study reinforce the use of metformin, a cheap anti-hyperglycemic agent with a minimal risk of hypoglycemia, as a first-line agent for treatment of those with type 2 diabetes mellitus.
Cumulative duration of metformin therapy (in months) was calculated as time before the start of follow-up which was set on January 1, 2006. Incidence density of hypertension was calculated for never users, ever users, and the tertiles of cumulative duration of metformin therapy. The numerator of the incidence was the case number of new-onset hypertension observed during follow-up. The denominator in personyears was the follow-up duration, which ended on December 31, 2011, at the time of new-onset hypertension, or on the date of death or the last reimbursement record.
Hazard ratios and their 95% confidence intervals for ever user and for each tertile of cumulative duration in comparison to never users were estimated by Cox proportional hazards regression model. Additionally, hazard ratios for cumulative duration of metformin therapy being treated as a continuous variable were estimated. All models were adjusted for the covariates shown in Table 1 .
Analyses were conducted using SAS statistical software, version 9.3 (SAS Institute, Cary, NC). P<0.05 was considered statistically significant. Table 1 shows the characteristics between never and ever users of metformin. Age, sex, and most variables were not different significantly, except for insulin and sulfonylureas. None of the variables had a value of standardized difference >10%. Table 2 shows the incidence of hypertension and the hazard ratios by metformin exposure. The overall hazard ratios indicated a significantly lower risk of hypertension in metformin users in models using either definition of hypertension. Analyses by categorizing cumulative duration of Figure. 
Results

Discussion
This is the first population-based observational study showing a preventive effect of metformin on the development of hypertension in a dose-response pattern in patients with type 2 diabetes mellitus ( Table 2) . The prevalence of insulin use was slightly higher in never users of metformin (Table 1 ) and our previous epidemiological study suggested an increased risk of hypertension after prolonged use of insulin. 7 However, the standardized difference did not suggest a potential confounding from insulin use (Table 1) . Because sulfonylureas may also potentially increase the risk of hypertension, 8 the higher prevalence of sulfonylureas use in ever users of metformin (Table 1 ) might only underestimate the beneficial effect of metformin if this would cause residual confounding.
The mechanisms of a reduced risk of hypertension associated with metformin use requires further investigation, but some biological actions of metformin could explain such a beneficial effect. Metformin protects the cardiovascular system from oxidative stress and inflammation via 5 0 -adenosine monophosphate-activated protein kinase-dependent-andindependent pathways 15, 16 and clinical trials supported an antiatherogenic effect of metformin. 17 Metformin inhibits the formation of advanced glycation end products, 18, 19 attenuates glucose-induced endothelial dysfunction, 20 and increases nitric oxide production and improves angiogenic functions. 21 The methodological problems commonly seen in pharmacoepidemiological studies such as selection bias, prevalent user bias, immortal time bias, and confounding by indication have been carefully addressed in the study. The use of a nationwide database that covers >99% of the population avoided selection bias and prevalent user bias was prevented by enrolling new-onset diabetes mellitus patients and new users of metformin.
Immortal time is the follow-up period during which the outcome cannot happen. 22 This bias can be introduced when n: incident case number of hypertension, N: case number followed. ACEI indicates angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers; CI, confidence interval; HR, hazard ratio (adjusted for all covariates in Table 1 ).
either the treatment status or the follow-up time is inappropriately assigned. In the present study, only patients who had received ≥2 prescriptions of antidiabetic drugs were enrolled (Figure) . This would have excluded most cases with indefinite diagnosis of diabetes mellitus. Treatment status was also unlikely misclassified because all prescription information was available during the long follow-up period. The immortal time from diabetes mellitus diagnosis to the start of antidiabetic drugs and in those with a short follow-up period of <180 days was not included in the person-years calculation in the study. It is worth mentioning that the immortal time during the waiting period between drug prescription and dispense when patients are discharged from the hospital (as pointed out by L evesque et al 22 ) would not happen in Taiwan because the patients can get all discharge medications directly from the hospital when they are discharged.
Confounding by indication was much reduced by the use of the propensity score-matched cohort (Table 2 ). Because none of the covariates had a value of standardized difference >10% (Table 1) , the potential risk of residual confounding was minimal.
The present study has some additional merits. Information bias related to self-reporting could be reduced by using the medical records. Detection bias because of different socioeconomic status can be a problem in some countries, but this was less likely in Taiwan. In general, the drug cost-sharing in the NHI is low and many expenses can be waived for veterans, patients with low-income, or when the patients receive prescription refills for chronic disease.
The study limitations may include a lack of measurement data of confounders like biochemistry, anthropometric factors, cigarette smoking, alcohol drinking, lifestyle, physical activity, nutritional status, salt intake, family history, and genetic parameters. Furthermore, we did not have the data of advanced glycation end products for analyses.
In summary, this population-based retrospective cohort study supports that metformin may have a preventive effect on the development of hypertension in patients with type 2 diabetes mellitus. However, additional confirmation is necessary. Because metformin is cheap and safe and would not cause hypoglycemia when used as monotherapy, its preventive role in hypertension is worthy of more extensive investigation.
